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A. PROJECT STATUS 
1. Staff 
~ Dr. M. E. Van Valkenburg, Professor, Project Director; Dro J. Bo Cruz, 
• 
Assistant Professor; Dr. s. L. Hakimi, Assistant Professor (one-third time on 
Project); Don L. Epley, Instructor (half time); James R. Young, Instructor 
(two-thirds time); Do A. Calahan, Instructor; s. s. Yau, Research Assistant· 
(half time). 
2. Reports and. Papers 
·J. B. Cruz, uA generalization of the impulse train approximation for time-
varying linear system synthesis in the time domain," Trans. IRE, CT-6, pp. 393-394 
(Dec. 1959). 
J. B. Cruz, nAn extension of Prony's method . to frequency domain approximation," 
Proco Midwest Symposium on Circuit Theory, ~ H-1 to H-12 (Dec., 1959). 
* B. R. Ivzyers, "A useful extension of the Nyquist criterion to stability 
analysis of multiloop feedback amplifiers," Proc. Midwest Symposium on Circuit 
Theory, .!t., J-1 to J-18 (Dec., 1959). 
D. E. Epley, "A Design of combinational switching circuits using an iterative 
configuration," Proc. Midwest Symposium on Circuit Theory, .!t., M-1 to M-23 (Dec., 
1959). 
M. E. VanValkenburg, uRecent advances in active network synthesis," >Proc. 
Midwest Symposium on Circuit Theory, ~ N-1 to N-13 (Dec., 1959). 
M. E. VanValkenburg, "Design of transistor-RC filters," talk given to the 
Chicago Section of IRE, 8 January 1960. 
Two papers from the Project have been accepted for presentation at the 
Polytechnic Institute of Brooklyn Symposium on Active Networks and Feedback Systems, 
19-21 April 1960. These are~ 
J. B. Cruz and M. E. Van Valkenburg, nThe synthesis of models 'for time-
varying linear systemso n 
** Ro Eo Thomas, "The use of the active lattice to optimize transfer function 
sensitiviti.es." 
./ 
I 
* Now at the University of Waterloo, Ontario, Canada. 
** Now at the u. s. Air Force Academy, Colorado • 
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3o Studies in Progress 
(a) Switching Theory: 
2 
·T.he study of sensitivity concepts in switching circuits, mentioned in a previous 
report, was continued during the past quartero Two definitions of sensitivity 
have been used; both are useful in the design of contact circuits with redundant 
contacts to provide error protectiono Methods of design have been developed using 
several criterion for error specificationso 
Thus, sensitivity has been used as a new approach to the problem considered 
by Shannon, Moore, and Kochen who used reliability as a measure of circuit performanceo 
Their use of reliability did not include the effect upon the design procedure of 
the function to be realized or the likihood of occurrence of input combinationso 
Using sensitivity both of these are included. 
As a byproduct of the sensitivity study, a new method of minimizing switching 
functions has been developedo T.he method is similar to the Harvard Chart method 
but has ~everal advantages over this older methodo The principal advantage is that 
the prime implicant chart is included in the procedure; this eliminates the second 
step of the Harvard Chart methode 
The above results and the results of the design of transmission net works, 
. disctissed in previous reports 3 are now being written as a technical noteo This 
note will be issued during the next quartere 
(Epley) 
(b) Grounded RC Two~Ports~ 
~e investigation of synthesis procedures for RC grounded two-port networks 
has progressed to the stage where it is possible to realize exactly any compatible 
set of network parameters having all zeros of transmission at either the origin 
of the S~plane or at infinityo In addition to the required distribution of 
transmission zeros, compatible parameters must satisfy the residue condition and 
the Fialkow-Gerst coefficient conditionso The specifications are realized in 
the form of simple ladders and 3 .for compact networks, have a canonical form similar 
to the Cauer-type laddero 
·strategic application of the methods mentioned in the preceeding paragraph 
have been .found useful in the realization o.f more general parameter specificat ions 
involving transmission zeros at both S = 0 and at S ~ oOo However, in the absence 
of a sufficiency proof e partitioning method ,is available, the use of whicb 
• 
• 
3 
guarantees a realization, with reduced gain, of the more general set of 
speciricationso 
The implication of the work to date is that any set of R-C parameters sat-
isfying the conditions for a grounded two-port configuration can be realized to 
within a gain constant in the .form of parallel ladders. Though it would appear 
that a large number of ladders would be required, one for every numerator term 
in the transfer parameter, it seems reasonable to expect that considerable 
simplification may be possible. It is likely that one ladder can be used to 
realize, 1.t one time, three types of transmission zeros, at S = 0 1 S-+ oo and 
at S ::: -a1 ••a" being a real, positive number. The use of such a ladder would 
reduce by a factor of one-half the number of ladders needed for the most general 
set or specificationso 
By-products of the research are examples showing very clearly the independence 
of the residue condition and the Fialkow-Gerst coefficient conditionso Previous 
writing in this field has not pointed out, so far as is known, the independence 
of these two conditions on network parameterso 
At the present time, work is progressing along two different channelso 
- First, an increase in gain constant is desirable when realizing ladders under the 
partitioning scheme and an effort is being made to actually get such an increaseo 
Second, it is clearly desirable to be able to synthesize ·ladders producing the 
three different sorts of transmission zeroso Besides effecting an automatic 
increase in gain, such ladders are bound to reduce the number of elements required 
for a given set of specifications. It is quite likely that such a realization 
will -be possible using extensions and modifications of methods now availableo 
(Young) 
{c) RLC Network Synthesis~ 
In an effort to find a more exact method of predistorting the general RLC 
network fUnctions that allow separate pre-correction factors to be appliep to 
inductances and to capacitanc~s in the network, a method was sought for separation 
I 
of a network function into RC network functions and RL network fUnctionso For 
example, it might be desired ~o realize a z12(s) in the form shown in Figo lo 
5 plane X 
Flgo 1 Fig, 2 
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are to be realized as an interconnection of a single RL and a single RC two-port, 
then, if the angles (Gi)which the complex zeros of each P(s) make with the 
negative_real axis are examined, then for each P(s), E Qi ~ ~/2o For example, 
if the zeros of P1 (s) are shown in Fig. 2, then e1 + 92 + e3 ~ ~/2. The same 
condition is true for the y parameters. 
·In the case of an all-pole transfer function, a breakdow.n of P 5 ( s) has been 
found which will always realize a z12(s) in the form of Fig. 1 if the above condition 
is satisfied with the inequality signo It can also be show.n that this breakdown 
has good sensitivity characteristics. 
1m effort is now being made to extend this "angle criterian to more compicated 
network configurationso 
(Calahan) 
(d) Studies in Sensitivity 
The following problems relating to sensitivity are under study: 
(1) Given ~ set of tolerances on the element values of a network, find the 
bounds on the variations of the network functions from the nominal (designed) 
values. 
(2) Sensitivity and approximation and their relationship are being st·udied. 
( Hakimi, Cruz) 
(3) In order to study the variation of sensitivites and to compare systems 
with identicaJ. sensitivies, a new definition ·of "second-order"over-all sensitivity 
and "second-order" root sensitivity have been tentatively chosen. The relationship 
between these two second-order sensitivites with single parameter variation has 
been established and is being interpreted. Both linear and non-linear cases will 
be considered. Further effort will also be devoted to the study of sensitivities 
with multiple parameter variationso (Yau) 
4 . Trips and other Events 
Professors Cruz, Epley, and Van Valkenburg attended the Fourth Midwest 
Symposium on Circuit Theory held at Marquette University, Milwaukee, on 1-2 
December 1959, at Project expenseo 
• 
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A visit was made to the Polytechnic Institute of Brooklyn on 7 January 
~ 1960 for discussions with Professors Kuo and Truxal at no cost to the Projecto 
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